A chiral, enantiomerically pure, tripod ligand containing three bipyridine moieties coordinates with Fe(II) and Ru(II) in a completely stereoselective manner.
Introduction
Diastereoselective synthesis, formerly called asymmetric synthesis, is a well established method in organic chemistry since it's introduction 110 years ago by E.
Fischer. [1] A.P. Smirnoff introduced in a little known publication of 1920 an analogous procedure for coordination compounds. [2] However, even today, stereoselective synthesis of coordination compounds is not as widely practiced as it is in organic chemistry. [3] C 3 symmetric ligands have been used before for stereoselective syntheses of octahedral metal complexes. [4] [5] [6] [7] [8] Since the introduction of "chiralized" pyridine ligands [9] a large number of stereoselective syntheses with various members of this class of chelates has been carried out. [10] Most of these ligands comprise bipyridine moieties. Recently a C 3 symmetrical pinene pyridine ligand (scheme 1 L 1 ) was described where three pinene pyridine groups are connected through a tris(pyrazolyl)borate core. [11] The chiral centres of this hexa-dentate ligand are located in a peripheral situation with respect to the central metal that can coordinate to all six donor groups of the chelate. The tight binding of the three didentate coordination units through the borate centre favours a trigonal prismatic coordination, which was observed for the Tl(I) and the Tb(III) metal centres. Trigonal prismatic coordination geometry provides no bases for chirality at the metal centre.
We therefore designed new hexadentate ligands that will predetermine the configuration at octahedral metal centres. First attempts to form complexes with CHIRAGEN type ligands [12] where three pinene-bipyridine groups are linked through a simple mesityl group L 2 (scheme 1) [13] failed to give well defined octahedral mononuclear complexes, presumably because of steric crowding. The introduction of spacer groups as in L (scheme 1) finally yielded the target complexes in good yields. NMR spectra were recorded on a Varian Gemini-300 (for 300 MHz NMR) or on a Bruker Advance DRX400 (for 400 MHz NMR) spectrometers. Chemical shifts are given in ppm using the solvent as internal standard. Mass spectral data were acquired on a Bruker FTMS 4.7 T BioApex II using a standard electrospray ion source (ESI).
UV/Visible spectra were measured on a Perkin Elmer Lambda 40 spectrometer. Emission spectra were recorded on a Perkin Elmer LS 50B spectrometer. Circular dichroism (CD) spectra were recorded on a Jasco J-715 spectropolarimeter. The photochemical experiments were carried out on PF 6 -salts at room temperature in CH 2 Cl 2 solutions.
Irradiation was performed with a 500W Hg lamp (Thermo Oriel Universal Arc Lamp, model 66902) using a filter to isolate a band centred at 450 nm. The irradiated solutions were contained in a 1 cm spectrometer cell. Successive values of the CD absorption were taken after irradiation to follow the occurence of the photoreaction.
Materials.
Oxygen or water-sensitive reactions were conducted under a positive pressure of argon in oven-dried glassware, using Schlenk techniques. Unless otherwise stated, commercial grade reagents were used without further purification. The following materials were prepared according to literature procedures: 4,5-pineno-2,2'-bipyridine (1) [9] , 2-(2'-iodoethoxy)ethyl-2''-tetrahydro-2H-pyran ether [14] , 1,3,5-tris-bromomethyl-benzene (2) [15] and Ru(DMSO) 4 Cl 2 [16] . ).
(+)-(7S,10R)-L.
To a suspension of NaH (0.41 g, 50% in mineral oil) in dry THF (30 ml) was added 4 (1.4 g, 3.9 mmol) at room temperature. The mixture was stirred at room temperature during 1h before 1,3,5-tris-bromomethyl-benzene (0.33 g, 0.97 mmol) in dry THF (5 ml) was added. The solution, which turned homogeneous was stirred 2 days and the reaction was quenched with ethanol (2 ml). [17] and refined by full matrix least squares on F 2 with SHELXL-97 [18] . The absolute structure was determined based on the presence of heavy atoms (iron) in the structure. All hydrogen atoms were included in calculated positions and treated as riding atoms using SHELXL-97 default parameters. 
Results and discussion

Design and Synthesis.
The chelating sidearms were attached to the mesityl tripode 2 via an alkoxy chain derivative to allow sufficient flexibility to organise them around six-coordinate metal ions, preventing unwanted complex formation such as polynuclear compounds :
The preparation of intermediates 3 and 4 from the precursor 1 and the synthesis of the ligand L are represented in scheme 2. 
Scheme 2
The preparation of 1 was previously described [9, 19] where the key step is a Kröhnke-type reaction. [20] [21] [22] The chiral pinene-type framework of 1 is deprotonated regioselectively by LDA. The anion formed is then alkylated 100% stereoselectively at the less hindered side The chelating properties of ligand L were tested on Ru(II) and Fe(II) (Scheme 3).
Ru(DMSO) 4 Cl 2 reacts with stoechiometric amounts of L in refluxing ethanol and in high dilution conditions in order to avoid the formation of polynuclear complexes. [23, 24] The crude product can be purified by preparative plate silica chromatography. The complex was isolated as its hexafluorophosphate salt. 
Scheme 3
H-NMR Spectra
The complexation of L is completely diastereoselective as shown by the 1 H-NMR spectra 
CD Spectra
The ligand L shows no activity in its CD spectrum between 600 and 250 nm in dichloromethane.
[Fe.L](PF 6 ) 2 and [Ru.L](PF 6 ) 2 show a Cotton effect [25] at 282 nm and 300 nm for the ruthenium (II) compound and at 296 nm and 313 nm for the iron (II) complex (Figure 2 ).
The sign of ∆ε in the UV region indicates clearly that the Λ isomers are obtained in both cases. 
UV-Vis Absorption and Emission spectra
The electronic spectroscopy data (absorption and emission) are collected in Table 1, together with those of reference compounds.
288 (76.6); 452 (13.6) [26] [27] [28] [29] 610 [30] 301 (80. The absorption spectra of the complexes are basically similar to those for other M(tris-
2+ has a spectrum almost identical with that for Ru(bipy) 3 2+ [26] [27] [28] [29] , with a maximum at 449 nm (MLCT transition) and a shoulder at 424 nm. In addition, it exhibits a strong luminescence at approximately the same wavelengths (610 nm) as Ru(bipy) 3
2+
. [30] Also Λ-[Fe.L](PF 6 ) 2 shows a spectrum very similar to that of Fe(bipy) 3 2+ [31] with a maximum at 523 nm, which is assigned to the MLCT transition.
Photostability
To resulted in a regular decrease in the intensity of the CD spectrum ( Figure 3(b) ) with no change in the absorption spectrum, indicating that photoracemisation occurs [32, 33] without photodecomposition. X-Ray structure analysis.
The crystal structure of the iron complex confirms the formation of the cationic 1 :1
The Fe(II) compound crystallises with two complex molecules per asymmetric unit in the non-centrosymetric space group P 21 . A view of the complex is shown in Figure 4 and Table 2 
Conclusion
The judicious design of a chiral tripod ligand that can be synthesised in an enantiomerically pure form from a chiral pool precursor enables the formation of octahedral metal complexes with predetermined configuration at the metal centre. . [34] 
